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Four hundred forty-one clinical isolates of the family Enterobacteriaceae were identified in parallel by using
the API Rapid E 4-h and the API 20E overnight procedures (Analytab Products, Plainview, N.Y.). The results
obtained by using the API Rapid E were compared with those obtained by using the API 20E. Discrepancies
were resolved by using standard biochemicals. The API 20E identified 98.9% (436 of 441) of the isolates
without the use of additional biochemicals and was found to be correct in each case of a discrepancy among the
436 isolates. The API Rapid E gave the same identification as the API 20E for 94.0% (410 of 436) of the isolates,
misidentified 3.0% (13 of 436), and gave a correct but low-selectivity answer for the remaining 3.0% (13 of
436). The API Rapid E is a suitable alternative for the rapid identification of the Enterobacteriaceae.

There has been a concerted effort to reduce the turn-
around time for the identification of microorganisms isolated
from clinical specimens by both manual and automated
methods. Much of the effort has centered on the family
Enterobacteriaceae with the development of manual sys-
tems such as Micro-ID (General Diagnostics, Warner-Lam-
bert Co., Morris Plains, N.J.) (1, 3, 7) and the API 20E
same-day identification (Analytab Products, Plainview,
N.Y.) (2, 8) and automated systems such as the Autobac-
IDX (General Diagnostics) (5, 6) and the AutoMicrobic
system with the EBC+ card (Vitek Systems, Inc., Hazel-
wood, Mo.) (4).
Another manual system for the rapid identification of the

Enterobacteriaceae, called the API Rapid E (formerly DMS
Rapid E) (Analytab Products), has recently been introduced
(9, 10, 13). This system consists of a plastic strip with 20
microtubes containing dehydrated biochemical substrates.
This report compares the results obtained by using the API
Rapid E (RE) 4-h system to identify members of the family
Enterobacteriaceae isolated from routine clinical specimens
with those obtained by using the overnight API 20E proce-
dure.

MATERIALS AND METHODS
Four hundred forty-one clinical isolates of members of the

family Enterobacteriaceae were identified in parallel by us-
ing the API 20E 18-h and the RE 4-h systems. All discrep-
ancies were resolved by the use of standard biochemicals as
recommended by the manufacturers of the systems. The
organisms included in the study and the number of isolates
were as follows: Citrobacter amalonaticus, 2; Citrobacter
diversus, 11; Citrobacterfreundii, 11; Edwardsiella tarda, 1;
Enterobacter aerogenes, 21; Enterobacter agglomerans, 4;
Enterobacter cloacae, 18; Enterobacter gergoviae, 2; Esch-
erichia coli, 114; Hafnia alvei, 4; Klebsiella oxytoca, 19;
Klebsiella ozaenae, 2; Klebsiella pneumoniae, 61; Klebsiella
rhinoscleromatis, 1; Morganella morganii, 6; Proteus mira-
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bilis, 61; Proteus vulgaris, 4; Providencia rettgeri, 9; Prov-
idencia stuartii, 24; Salmonella sp., 14; Serratia liquefaci-
ens, 1; Serratia marcescens, 41; Serratia odorifera, 1; Ser-
ratia plymuthica, 1; Shigella sp., 7; Yersinia enterocolitica,
1.
The RE is a plastic strip to which are attached 20 micro-

tubes containing various substrates and carbohydrates (Fig.
1). These substrates are not buffered, and the microtubes are
smaller than those of the API 20E (Fig. 1), allowing for more
rapid reactions. The inoculum is prepared to the density of a
0.5 McFarland barium sulfate standard. The small total
volume required to inoculate the API Rapid E strip makes
obtaining this density possible with only one or two well-
isolated colonies. The tests are arranged in groups of three,
and by using octal numbers, a seven-digit profile number is
generated for the 20 tests plus oxidase. The tests contained
on the RE strip are described in the legend to Fig. 1. Lysine
decarboxylase, ornithine decarboxylase, and urease tests
must be overlaid with sterile mineral oil. The only tests
requiring the addition of reagents are indole production and
acetoin production, which require Kovacs reagent and 40%
potassium hydroxide-6.0% alpha-naphthol, respectively.
The RE strip oxidase test, the addition of 1.0% N,N,N,N-
tetramethyl-para-phenylenediamine in isoamyl alcohol to
either the esculin or phenylalanine deaminase tube with the
development of violet color within 5 min, was not used. The
Kovacs oxidase method (11) was used to test each isolate
before inoculating the RE and the API 20E. The RE comes
packaged in its own incubation tray, and sterile plastic
pipettes for inoculating the RE strips are also provided.
Distilled water was not added to the RE incubation trays. All
of the required reagents are available from the manufacturer.
The API 20E, also shown in Fig. 1, has been extensively

described (1, 3, 7, 14, 15, 16) and will not be described here
except to note that it has the following tests in common with
the RE: o-nitrophenyl-,-D-galactopyranoside; lysine de-
carboxylase; ornithine decarboxylase; citrate utilization; ure-

ase; production of indole and acetoin; fermentation of glu-
cose, sucrose, melibiose, and arabinose.
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FIG. 1. API RE (top) and API 20E (bottom), inoculated, but not incubated. RE tests: o-nitrophenyl-,-D-galactopyranoside (ONPG); lysine
decarboxylase (LDC); ornithine decarboxylase (ODC); urease (URE); citrate utilization (CIT); phenylalanine deaminase (PPA); malonate
utilization (MNT); esculin hydrolysis (ESC); fermentation of arabinose (ARA), xylose (XYL), adonitol (ADO), rhamnose (RHA), cellobiose
(CEL), melibiose (MEL), sucrose (SAC), trehalose (TRE), raffinose (RAF), and glucose (GLU); production of indole (IND) and acetoin (VP).
Note the differences in the size of the microtubes, the tests used, and the order of tests.

Bacteria from one isolated colony growing on primary
isolation medium (5% sheep blood agar, chocolate agar, or
MacConkey agar) were suspended in 5 ml of 0.85% sterile
saline to serve as the inoculum for the API 20E. A bacterial
suspension approximating the turbidity of a 0.5 McFarland
barium sulfate standard was prepared in 1.25 ml of 0.85%
sterile saline to serve as the inoculum for the RE. Only one
to two isolated colonies growing on primary isolation me-
dium were required to obtain the proper inoculum density
for the RE (9, 10, 13).
The API 2OEs and the REs were inoculated and incubated

at 35°C in accordance with the instructions of the manufac-
turers. After 4 h of incubation, reagents were added to the
REs and a seven-digit profile number was generated in
accordance with the instructions of the manufacturer for test
interpretation. After 18 to 24 h of incubation, reagents were
added to the API 2OEs, and a seven-digit profile number was
generated in accordance with the instructions of the manu-
facturer for test interpretation.
The RE and API 20E identifications were made by finding

the profile numbers in the Rapid E Enterobacteriaceae
identification codebook and the API 20E analytical profile
index for Enterobacteriaceae and other gram-negative bac-
teria, respectively. If the profile number was not found, then
the appropriate computer identification service was called.

RESULTS

The API 20E identified 98.9% (436 of 441) of the isolates
without the use of additional biochemicals. Four of the five
isolates not identified by the API 20E were Citrobacter
diversus, all having the same profile number. The fifth isolate
was a Providencia rettgeri. The API 20E identification was
correct in each case of a discrepant identification between
the two systems for the 436 isolates identified by the API
20E without the use of additional biochemicals.
The RE gave the same identification as the API 20E for

410 of those 436 isolates for an overall identification rate of
94.0%. There were 13 isolates of the 436 for which the RE
identification code listed the correct identification as one of
several possible choices, but the quality of the identification
was only acceptable or of low discrimination (<90.0%). The
low-selectivity identification rate was 3.0%. The remaining
13 of the 436 isolates were incorrectly identified for an error

rate of 3.0%. The distribution of correct, incorrect, and
low-selectivity identifications is shown in Table 1.

DISCUSSION
The purpose of this study was to compare the results

obtained with the RE in a routine clinical setting with those
of the API 20E. The API 20E has been extensively evaluated
(1, 3, 7, 14-16) and has gained widespread acceptance and
use. In fact the API 20E has been used as the comparison
standard in other evaluations (6, 12). The decision was made
not to do an evaluation with large numbers of rarely isolated
organisms, as the usefulness of any identification system is
its ability to identify the most commonly isolated or routine
organisms.
The API 20E identified, acceptable (>90.0%) to excellent

categories, 98.9% (436 of 441) of the clinical isolates without
the need of additional biochemicals. Since the API 20E was
the standard system in this comparison, it was decided not to
expect the RE to identify isolates which were not identified
by the API 20E. Therefore, the comparison is based on the
436 isolates which were identified by the API 20E.
The RE system had a 94.0% identification agreement with

the overnight API 20E and provided correct but low-selec-
tivity (<90.0%; RE acceptable or low-discrimination catego-
ries) answers for 3.0% of the isolates. The misidentification
rate was also 3.0%. Of the 13 misidentifications, 11 had
identification qualities of >90.0%. Four of these 11 were
correct to the genus level; 7 were not. The remaining two
misidentifications were of low selectivity. One of these two
listed the correct genus as a possible choice; the other did
not.
The identification rate is comparable to those reported for

the RE system in two recently published studies. Izard et al.
(9) studied 567 clinical isolates and reported an identification
rate of 95.9%, a misidentification rate of 2.5%, and a
failure-to-identify rate of 1.4%. Murray et al. (13) studied 492
clinical isolates and reported an identification rate of 94.1%,
a misidentification rate of 3.9% (19 of 492), and a failure-to
identify or low-selectivity identification rate of 2.0% (10 of
492). The majority of the RE identification problems oc-
curred within the tribe Klebsielleae. This problem was also
reported by Izard et al. (9) and Murray et al. (13).
A third recently published study (10) reported a higher

identification rate of 97.2% for 387 clinical isolates. The
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TABLE 1. Distribution of API RE identifications
No. of cultures identified as:

c >

Organism as identified C >
by API S> e- °u

Edwardsiellatarda 1~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~G=le
E.cloacae~e 1 5

20EE>ol1>11 1E'n ~ ~

Hafnia~ ~ ~ ~ ~ cale 4o eE~ >aKlebsiella~~~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~Éoxyoc18 1,- Ê

Citrobacter amalonaticus 2
C. diversus 7
C.freundiae 19
Edwardsiella tarda 5
Enterobacter aerogenes 21
E. agglomerans i i1
E. cloacae 1 15 2
E. gergoviae 2
Escherichia coie i 112 1
Hafnia alvei 4
Kiebsiella oxytoca 18 1
K. ozaenae 2
K. pneumhoniae 1 56 3
K. rhinoscleromatis
Morganella morganii 5 1
Proteus mirabilis 61
P. vulgaris 3 1
Providencia rettgeri 1 4 3
P. stuartii 24
Salmonella sp. 14
Serratia liquefaciens 1
S. marcescens 41
S. odorifera 1
S. plymuthica 1
Shigella sp. 7
Yersinia enterocolitica 1

a Organisms identified by API 20E were tested with standard biochemicals to resolve discrepant results between API 20E and API Rapid E. API 20E was
correct in all such cases. Five isolates not identified by API 20E are not included.

remaining 2.8% of misidentifications can be calculated into
rates of 0.3% (1 of 387) for misidentification and 2.5% (10 of
387) for no identification or low selectivity. These better
rates of identification and misidentification may be a factor
of the organism composition of the 387 isolates. There were
only five species of the tribe Klebsielleae represented,
constituting 26.4% (102 of 387) of the isolates. The study of
Izard et al. (9) contained 12 species of the tribe Klebsielleae,
which constituted 42.9% (243 of 567) of the isolates. Nine
species of the tribe Klebsielleae constituted 51.0% (251 of
492) of the isolates in the study of Murray et al. (13). In our
study, there were 13 species of the tribe Klebsielleae repre-
sented which constituted 40.4% (176 of 436) of the isolates.
Also, in the study of Keville and Doern (10), Escherichia coli
strains constituted 53.0% of the 387 isolates, whereas in our
study, only 26.1% of the isolates were E. coli. The two other
previous studies had 5.3% (9) and 26.0% (13) E. coli isolates.
The identification rate for E. coli has varied from a low of
97.6% (13) to 100% (9). The identification rate for E. coli
reported by Keville and Doern (10) was 99.5%; our E. coli
identification rate was 98.2%.
As shown in Table 1, the RE strip is an acceptable

alternative for the identification of most commonly occur-
ring members of the family Enterobacteriaceae. Those iso-
lates which give an RE code of low selectivity or are

unidentified can be identified by using an overnight method
such as the API 20E. The number of isolates requiring such
additional identification procedures should be a distinct
minority of the commonly occurring Enterobacteriaceae
isolates.
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